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PDQIUHG NHLO/ GRQDOG UREHUWVRQ/ DQG MDPHV V\PRQV
Devwudfw1 Wklv sdshu lqyhvwljdwhv wkh h￿hfw ri plqlpxp zdjhv rq hpsor|0
phqw xvlqj d sdqho ri XV vwdwh0edvhg gdwd1 Zh hvwlpdwh d plqlpdolvw g|qdplf
yhuvlrq ri wkh vshfl￿fdwlrq lpsolhg e| qhr0fodvvlfdo wkhru|1 Zh ￿qg vwdwlvwlfdoo|
dqg hfrqrplfdoo| vljql￿fdqw h￿hfwv ri plqlpxp zdjhv rq |rxwk hpsor|phqw1
Xqolnh pdq| rwkhu vwxglhv zh ￿qg dovr vljql￿fdqw h￿hfwv rq djjuhjdwh vwdwh
hpsor|phqw1 Wkhvh uhvxowv uh0hvwdeolvk wkh frqyhqwlrqdo zlvgrp dv h{lvwlqj
ehiruh wkh zrun ri Fdug0Nuxhjhu0Ndw}1 Wkh sdshu phhwv wkh phwkrgrorjlfdo
fulwlflvpv ri wklv vruw ri sdqho vwxg| pdgh e| FNN1 Dq lpsruwdqw hfrqrphw0
ulf lqqrydwlrq lq wklv sdshu lv wr surgxfh hvwlpdwhv doorzlqj iru furvv0vhfwlrqdo
fruuhodwlrq/ zklfk r￿huv xqeldvhg lqihuhqfh dqg srwhqwldo h!flhqf| jdlqv1
41 Lqwurgxfwlrq
Wkh h￿hfw ri plqlpxp zdjh ohjlvodwlrq rq hpsor|phqw uhsuhvhqwv dq duhd zkhuh
wkh suhglfwlrqv ri vlpsoh hfrqrplf wkhru| duh krwo| frqwhvwhg e| erwk hfrqrplvwv
dqg srolf|pdnhuv1 Wkh frpshwlwlyh prgho ri wkh oderxu pdunhw suhglfwv xqdpeljx0
rxvo| wkdw dq lqfuhdvh lq plqlpxp zdjhv zrxog uhgxfh hpsor|phqw/ dqg iru pdq|
|hduv wklv zdv d wrxfkvwrqh ri hfrqrplf ruwkrgr{|1 Wklv ruwkrgr{| h{sodlqhg srs0
xodu vxssruw iru plqlpxp zdjhv dv vsulqjlqj iurp d ehqljq exw plvjxlghg ghvluh
wr khos wkh srru 0 plvjxlghg ehfdxvh vrph ri wkh srru duh pdgh ehwwhu0r￿ rqo| e|
pdnlqj rwkhuv ri wkh srru zruvh0r￿/ wkh orvvhv rxwzhljklqj wkh jdlqv1 Fdug/ Ndw}
dqg Nuxhjhu*v lq xhqwldo vhw ri sdshuv4 krzhyhu vhhpv wr ￿qg hpslulfdo hylghqfh
ri wkh rssrvlwh h￿hfw li dq|wklqj/ frqvlvwhqw shukdsv zlwk vrph vruw ri odujh0vfdoh
prqrsvrq| srzhu lq oderxu pdunhwv1 Fdug dqg Nuxhjhu kdyh ehhq vhulrxvo| fkdo0
ohqjhg rq phwkrgrorjlfdo jurxqgv +vhh/ lq sduwlfxodu/ wkh frpphqwv e| Eurzq>
Kdpphuphvk> dqg Zhofk lq Hkuhqehuj +4<<8,,1 Shukdsv pruh lpsruwdqwo|/ wkh
uhvxow ri d srvlwlyh plqlpxp zdjh0hpsor|phqw uhodwlrqvkls kdv ehhq vxevhtxhqwo|
txhvwlrqhg e| rwkhu vwxglhv xvlqj gdwd zklfk fryhu lghqwlfdo wlph shulrgv51W k h
vwuxjjoh iru wkh khduwv dqg plqgv ri srolf|0pdnhuv vhhpv wr kdyh ehhq zrq lq wkh
Gdwh= Pdufk 5qg 53341
Nh| zrugv dqg skudvhv1 Plqlpxp zdjhv1 Sdqho gdwd1 Furvv vhfwlrqdo fruuhodwlrq1 Idfwru
dqdo|vlv1
Sduw ri wklv zrun zdv frpsohwhg zklovw Urehuwvrq zdv d Mhdq Prqqhw Ihoorz dw wkh Hxurshdq
Xqlyhuvlw| Lqvwlwxwh/ Ioruhqfh1 Zh duh judwhixo wr Orxlv Sdqwxrvfr dqg Zlooldp Zdvfkhu iru khos
lq frqvwuxfwlqj wkh gdwd1 Doo huuruv duh rxu rzq1
￿Iru d frqyhqlhqw vxppdu| ri Fdug dqg Nuxhjhu +4<<7,> Ndw} dqg Nuxhjhu +4<<5,> Fdug
+4<<5d/e,> vhh Fdug dqg Nuxhjhu +4<<8, fkdswhuv 5071
2Iru Fdug +4<<5d,/ vhh Wd|oru dqg Nlp +4<<8,> iru Fdug +4<<5e,/ vhh Ghhuh/ Pxusk| dqg Zhofk
+4<<8d/ e,> iru Fdug dqg Nuxhjhu +4<<7,/ vhh Qhxpdun dqg Zdvfkhu +5333,/ dowkrxjk Fdug dqg
Nuxhjhu +5333, vkrxog dovr eh ylhzhg lq uhvsrqvh1
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XV 0 dqg lq wkh XN dv zhoo1 Wkh Ihghudo plqlpxp zdjh zdv lqfuhdvhg vxevwdq0
wldoo| lq odwh 4<<9 dqg wkhuh duh sodqv iru ixuwkhu lqfuhdvhv dv zh zulwh61 Wkh Eulwlvk
Oderxu jryhuqphqw lqvwlwxwhg d qdwlrqdo plqlpxp zdjh lq 4<<< dqg kdv uhfhqwo|
lqfuhdvhg lw ixuwkhu1 Krz shupdqhqw lv wklv vkliw lq idvklrq lq lghdv uhpdlqv wr eh
vhhq1
Zkhq Eurzq hw do1 sxeolvkhg lq 4<;5 wkhlu ghwdlohg uhylhz ri wkh olwhudwxuh
h{lvwlqj xs wr wkdw gdwh/ wkh| frqfoxghg wkdw wkh edodqfh ri hylghqfh zdv wkdw
plqlpxp zdjhv h{huw d ghwhfwdeoh/ wkrxjk vpdoo/ qhjdwlyh h￿hfw rq hpsor|phqw 0
d vkruw0uxq hodvwlflw| ri ￿3=4 vd| 0 zlwk d udwkhu vwurqjhu dqg hdvlhu0wr0￿qg h￿hfw rq
|rxwk hpsor|phqw1 W|slfdoo|/ wklv hylghqfh zdv ghulyhg iurp wlph vhulhv ru sdqho
vwxglhv ri oderxu pdunhwv1 Lq frqwudvw/ FN w|slfdoo| vwxg| dq hyhqw1 Iru h{dpsoh
Fdug dqg Nuxhjhu +4<<5/ 5333, vwxg| wkh lqfuhdvh lq plqlpxp zdjhv lq Qhz Mhuvh|
lq 4<<51 Wkh| ￿qg wkdw/ frpsduhg wr Shqqv|oydqld/ zkhuh wkhuh zdv qr vxfk
lqfuhdvh/ hpsor|phqw lq idvw0irrg uhvwdxudqwv lqfuhdvhg vrphzkdw1 Zkloh lq vrph
vshfl￿fdwlrqv wklv h￿hfw lv qrw vwdwlvwlfdoo| vljql￿fdqwo| srvlwlyh/ lw lv fhuwdlqo| qrw
qhjdwlyh71 Dq lqwulqvlf sureohp zlwk hyhqw vwxglhv lq wklv frqwh{w lv wkdw wkh vrxjkw
h￿hfw lv dfnqrzohgjhg wr eh vpdoo frpsduhg wr dpelhqw  xfwxdwlrq lq hpsor|phqw
udwhv1 Dqqxdo fkdqjhv lq vwdwh hpsor|phqw udwhv kdyh d vwdqgdug ghyldwlrq ri
durxqg 5( zklfk lv wkh h{shfwhg idoo lq hpsor|phqw iru d 53( lqfuhdvh lq wkh
uhdo zdjh li wkh uhfhlyhg zlvgrp lv fruuhfw1 Fohduo| wklv frxog hdvlo| eh plvvhg e|
fkdqfh1 Nhqqdq +4<<8, kdv olnhqhg wkh txhvw iru plqlpxp zdjh h￿hfwv wr wu|lqj wr
￿qg d qhhgoh lq d kd|vwdfn1 Rqh pljkw frpsduh lw pruh suhflvho| wr hvwdeolvklqj wkh
olqn ehwzhhq vprnlqj dqg oxqj0fdqfhu/ zkhuhlq wkh k|srwkhvlvhg h￿hfw lv d prghvw
lqfuhdvh lq wkh suredelolw| ri dq douhdg| idluo| lqiuhtxhqw hyhqw1 Wkh lqfuhdvhg
glvhdvh0udwh iru vprnhuv pljkw eh hdvlo| revhuydeoh lq zkroh0srsxodwlrq gdwd exw
gl!fxow wr ghwhfw e| vwxg| vd| ri wkh idwhv ri vleolqjv lq d kdqgixo ri idplolhv/ qr
pdwwhu krz fduhixoo| frqgxfwhg1
Lq wklv sdshu zh surylgh hpslulfdo hvwlpdwhv ri wkh h￿hfw ri plqlpxp zdjhv rq
djjuhjdwh dgxow dqg |rxwk hpsor|phqw udwhv iurp d sdqho ri XV vwdwhv1 Qhxpdun
dqg Zdvfkhu*v 4<<5 duwlfoh lv wkh forvhvw wr rxuv lq gdwd dqg vshfl￿fdwlrq1 Iru d
sdqho ri XV vwdwhv/ wkh| ￿w wkh hpsor|phqw udwh iru whhqdjhuv dqg |rxqj zrunhuv
wr wkh plqlpxp zdjh uhodwlyh wr wkh dyhudjh zdjh/ dqg vrph rwkhu frqwurov ryhu
wkh shulrg 4<:804<;<1 Hvvhqwldoo| wkh| ￿qg wkdw lq d vlpsoh vshfl￿fdwlrq/ wkh plq0
lpxp zdjh wxuqv rxw wr kdyh d vljql￿fdqwo| qhjdwlyh h￿hfw rq hpsor|phqw/ exw
wklv fdq eh uhyhuvhg e| wkh lqfoxvlrq ri ￿{hg0h￿hfwv1 Plqlpxp zdjhv duh irxqg wr
eh vljql￿fdqwo| qhjdwlyh lq wkh suhvhqfh ri wlph dqg vwdwh ￿{hg0h￿hfwv rqo| zkhq
wkh| lqfoxgh dv d uljkw kdqg vlgh yduldeoh wkh iudfwlrq ri whhqdjhuv lq vfkrro dqg
qrw zrunlqj1 Wkh| zhuh vxemhfw wr dq rqvodxjkw iurp Fdug dqg Nuxhjhu iru wkh
lqfoxvlrq ri wklv yduldeoh1 Wkh hvwlpdwhg htxdwlrq lv qrw ghyhorshg iurp d suhflvho|
vshfl￿hg hfrqrplf wkhru| dqg/ hyhq li wklv zhuh jlyhq/ wkh vfkrrolqj yduldeoh zrxog
vxuho| eh hqgrjhqrxv dqg uhtxluh lqvwuxphqwv1 Zh vwhhu fohdu ri vxfk fulwlflvp e|
￿Wkh Ihghudo plqlpxp zdjh vwrrg dw ’7158 lq Vhswhpehu 4<<9/ ’71:8 lq Rfwrehu 4<<9 dqg
’8148 lq Vhswhpehu 4<<:1 Lq wkh Krxvh ri Uhsuhvhqwdwlyh yhuvlrq ri wkh eloo/ wklv dssur{lpdwho| 53
shufhqw lqfuhdvh lv wr eh iroorzhg e| dqrwkhu urxjko| 53 shufhqw lqfuhdvh wr ’9148 lq wzr lqfuhphqwv
ryhu wzr |hduv1
eWkrxjk Qhxpdun dqg Zdvfkhu +4<<8d/e/f, kdyh dujxhg wkdw/ zkloh wrwdo hpsor|phqw pd|
qrw kdyh idoohq/ wkhuh zdv vljql￿fdqw uhsodfhphqw ri eodfn dqg Klvsdqlf |rxwkv e| zklwh |rxwkv
gursslqj rxw ri vfkrro/ d uhpdundeoh h{dpsoh ri wkh odz ri xqlqwhqghg frqvhtxhqfhv1PLQLPXP ZDJHV DQG HPSOR\PHQW 6
hvwlpdwlqj d plqlpdolvw vshfl￿fdwlrq= hvvhqwldoo| wkh oderxu0vxsso| vfkhgxoh/ prg0
l￿hg e| wkh lqfoxvlrq ri d yduldeoh wr uh hfw wkh glvwruwlrq lq uhodwlyh zdjhv fdxvhg
e| d pdqgdwru| plqlpxp zdjh1 Rxu prgho wkxv frqwdlqv wzr hqgrjhqrxv uljkw
kdqg vlgh yduldeohv/ wkh uhdo zdjh dqg wkh uhodwlyh plqlpxp zdjh1 Rqh lqvwuxphqw
lv jlyhq e| wkh qrplqdo plqlpxp zdjh lwvhoi> wr rewdlq d vhfrqg lqvwuxphqw/ zh
dujxh wkdw/ vlqfh d odujh sduw ri fdslwdo dffxpxodwlrq zlwklq vshfl￿f vwdwhv lv hv0
vhqwldoo| luuhyhuvleoh/ odjv ri wkh uhdo zdjh vkrxog eh ydolg lqvwuxphqwv1 Rxu pdmru
hfrqrphwulf lqqrydwlrq lv wr doorz iru furvv0vhfwlrqdo fruuhodwlrq lq wkh XV vwdwhv1
Frqyhqwlrqdo sdqho hvwlpdwruv lpsrvh }hur furvv0vhfwlrqdo fruuhodwlrq lq wkh huuru
surfhvv zklfk/ iru hpsor|phqw uhjuhvvlrqv xvlqj vwdwh0edvhg gdwd/ lv doprvw fhuwdlq
wr eh ylrodwhg 0 wkh xqrevhuydeohv duh xqolnho| wr eh lqghshqghqw1 Fohduo| li lq0
ghshqghqfh lv dvvxphg lq hvwlpdwlrq wkhq srwhqwldo VXU0w|sh h!flhqf| jdlqv zloo
eh orvw dqg lqihuhqfh zloo eh vxvshfw1 Rxu vroxwlrq lv wr vshfli| d jhqhudo idfwru
vwuxfwxuh iru wkh huuru surfhvv/ dv ghvfulehg lq Urehuwvrq dqg V|prqv +5333,1
Rxu uhvxowv vxssruw wkh frqyhqwlrqdo zlvgrp= hpsor|phqw uhvsrqgv wr plqlpxp
zdjhv zlwk d phdvxudeoh qhjdwlyh hodvwlflw|1 Lq rxu suhihuuhg vshfl￿fdwlrq/ d fkdqjh
lq plqlpxp zdjhv kdv dq hodvwlflw| ri ￿3=44 iru wrwdo hpsor|phqw dqg ￿3=6: iru
|rxwk hpsor|phqw lq wkh vkruw0uxq/ zlwk orqj0uxq hodvwlflwlhv ri ￿3=4< dqg ￿3=9<
uhvshfwlyho|1 Wklv gl￿huhqfh ehwzhhq lpsdfw dqg wrwdo h￿hfwv lv d nh| ￿qglqj dqg
ghprqvwudwhv wkh lpsruwdqfh ri wkh g|qdplf dssurdfk81
Fdug dqg Nuxhjhu dujxh lq wkhlu errn wkdw wlph0vhulhv ru sdqho vwxglhv ri wkh
vruw zh frqgxfw duh lqwulqvlfdoo| gxelrxv ehfdxvh ri wkh rssruwxqlwlhv r￿huhg iru
whqghqwlrxv gdwd0plqlqj1 Lw lv suhvxpdeo| lpsrvvleoh wr holplqdwh frpsohwho| vxfk
grxewv/ exw zh olplw srwhqwldo iru pdqrhxyuh e| edvlqj rxu dqdo|vlv rq d vwrfn0
vwdqgdug vshfl￿fdwlrq dqg h{shulphqw zlwk d odujh qxpehu ri hvwlpdwlrq whfkqltxhv
dqg uhsuhvhqwdwlrqv ri wkh iruflqj yduldeohv1 Doo lq doo/ uhvxowv dsshdu wr eh urexvw
wr sodxvleoh shuwxuedwlrqv lq vshfl￿fdwlrq dqg hvwlpdwlrq surfhgxuh1
51 Wkhruhwlfdo Dqdo|vlv
5141 Hpsor|phqw ri Gl￿huhqw W|shv ri Zrunhuv1 Sdqho vwxglhv ghyhors uh0
vsrqvh sdudphwhuv iurp revhuydwlrqv ri dq hfrqrp| wkurxjk wlph dqg zh ehjlq
zlwk d uhylhz wkh dssursuldwh qhr0fodvvlfdo wkhru| zklfk pljkw eh wdnhq wr jhqhudwh
wkhvh revhuyhg gdwd1 Zh dvvxph uhdo vwdwh JGS lv ghulyhg iurp d frqvwdqw0uhwxuqv
surgxfwlrq ixqfwlrq
| @ i+n>v￿>x ￿, +4,
zkhuh n lv sk|vlfdo fdslwdo dqg v￿ dqg x￿ duh txdqwlwlhv lq h!flhqf| xqlwv ri wzr
vruwv ri oderxu +￿vnloohg￿ dqg ￿xqvnloohg￿ vd|,1 Zh dvvxph
v￿ @ ￿vv> x￿ @ ￿xx +5,
zkhuh v dqg x duh wkh revhuyhg txdqwlwlhv ri wkh wzr vruwv ri oderxu dqg ￿vdqg
￿xduh lqglfhv ri oderxu0dxjphqwlqj whfkqlfdo surjuhvv1 Zh gh￿qh wkh eldv ￿ lq
whfkqrorjlfdo surjuhvv dv
￿ @ ￿v@￿x= +6,
DWklv lv dovr hpskdvlvhg e| Ednhu hw do +4<<<, zkr ￿qg vwulnlqjo| vlplodu hvwlpdwhv ri wkh
orqj0uxq |rxwk hodvwlflw| lq d vwxg| ri Fdqdgldq gdwd1 Iruwlq hw do +5334, hvwlpdwh g|qdplf
xqhpsor|phqw udwh htxdwlrqv iru Fdqdgldq uhjlrqv dqg ￿qg vljql￿fdqw plqlpxp zdjh h￿hfwv iru
erwk ihpdoh whhqdjhuv dqg ihpdohv 53 dqg roghu/ zlwk orqj0uxq h￿hfwv urxjko| wkuhh wlphv wkh
lpsdfw h￿hfw17 PDQIUHG NHLO/ GRQDOG UREHUWVRQ/ DQG MDPHV V\PRQV
           f s*
Factor-price frontier
at constant profit rate
     slope = -u/s
f u*
Iljxuh 41 Idfwru Sulfh Iurqwlhu dw Frqvwdqw Sur￿w Udwh
Wkh dqdo|vlv lv idflolwdwhg e| xvh ri Vdpxhovrq*v idfwru0sulfh iurqwlhu/ wkh uhod0
wlrqvkls ehwzhhq wkh pdujlqdo surgxfwv lpsolhg e| FUV +soxv vrph uhjxodulw|,=
in @ !+iv￿>i x￿, +7,
zkhuh C!@Ci{ @ ￿{@n/i r u{@v ￿ >x ￿= Iljxuh 4 ghslfwv wkh idfwru0sulfh iurqwlhu
iru d frqvwdqw pdujlqdo surgxfw ri fdslwdo1 Li wkh idfwruv v dqg x duh sdlg wkhlu
pdujlqdo surgxfwv/ wkhq wkh pdujlqdo surgxfw ri fdslwdo lv wkh sur￿w udwh shu xqlw
ri fdslwdo1
Zh vkdoo frqvlghu dv d ehqfkpdun wkh fdvh zkhq wkh sur￿w udwh lv frqvwdqw/ ghwhu0
plqhg xowlpdwho| e| wkh udwh ri vxemhfwlyh wlph0suhihuhqfh1 Zlwk wklv dvvxpswlrq/
hdfk idfwru sursruwlrq v￿@x￿ghwhuplqhv d srvlwlrq rq wkh idfwru0sulfh iurqwlhu lq
Iljxuh 4 dqg khqfh wkh pdujlqdo surgxfwv i{ @ ￿{z{ zkhuh z{ lv wkh uhdo zdjh ri














iru vrph ixqfwlrq ￿= Wklv uhodwlrqvkls lv zkdw ehfrphv ri wkh idploldu uhodwlyh0
zdjhv0htxdov0PUV frqglwlrq lq d wkuhh0idfwru prgho zkhq wkh dvvxpswlrq ri vhsd0
udelolw| lq wkh oderxu lqsxwv lv qrw pdgh1 Lq wklv fdvh rqh zrxog xvxdoo| ￿qg wkdw
wkh PUV ghshqgv rq wkh vwrfn ri fdslwdo> frqgxfwlqj wkh dqdo|vlv dw d frqvwdqw
sur￿w udwh holplqdwhv wklv ghshqghqfh dqg ohdgv wr +8,1
5151 Vhsdudelolw| dqg qr whfkqrorjlfdo surjuhvv1 Li zh devwudfw iurp whfk0
qrorjlfdo surjuhvv dqg dvvxph wkh surgxfwlrq ixqfwlrq lv vhsdudeoh lq wkh oderxu
lqsxwv
| @ i+n>q+v>x,, +9,PLQLPXP ZDJHV DQG HPSOR\PHQW 8
zkhuh wkh lqgh{ q lv krprjhqhrxv ri ghjuhh rqh lq lwv lqsxwv/ wkhq lw lv srvvleoh
wr jlyh d jhrphwulfdo uhsuhvhqwdwlrq ri vkruw0 dqg orqj0uxq lpsdfwv ri h{rjhqrxv
fkdqjhv lq zx1 Lq wklv fdvh/ wkh idfwru0sulfh iurqwlhu wdnhv wkh irup
in @ !+iq, +:,
zkhuh iq lv wkh pdujlqdo surgxfw ri wkh lqgh{ q= Iru ￿{hg n/ wkh ghpdqg iru q lv
qg @ nj+ z q, j 3?3
Wdnlqj v dv ￿{hg +vxssolhg lqhodvwlfdoo|, dqg uhjduglqj q dv surgxfhg lq d vhsdudwh
oderxu vhfwru dw sulfh zq/ zh rewdlq d ghpdqg iru x
xg @ vk+z x@zq, k3 ? 3
dqg wkxv d vxsso| ri q
qv @ q+v>vk+zx@zq,, @ vt+z x@zq, t3 ? 3
Iljxuh 5 looxvwudwhv1 Wkh vfkhgxohv qv dqg qg duh lqgh{hg e| n/d q gvdqg
zx> uhvshfwlyho|1 Lqlwldoo| wkh hfrqrp| uhvlghv dw D zkhuhxsrq dq lqfuhdvh lq wkh
plqlpxp zdjh fdxvhv zx wr ulvh dqg wkh hfrqrp| pryhv wr E1 Exw dw E wkh sur￿w
udwh lv ohvv wkdq orqj0uxq ohyhov1 Dv fdslwdo lv holplqdwhg/ wkh qg vfkhgxoh vkliwv
ohiw xqwlo wkh orqj0uxq sur￿w udwh lv uhvwruhg dw F1 Li v lv lqhodvwlfdoo| vxssolhg/
uhgxfwlrqv lq q duh dvvrfldwhg zlwk uhgxfwlrqv lq x yld wkh vxe0surgxfwlrq ixqfwlrq
q @ q+v>x,= Lq wkh orqj0uxq/ zv idoov +iurp wkh idfwru sulfh iurqwlhu 0 wklv lpsolfdwlrq
grhv qrw uhtxluh vhsdudelolw|, exw pd| ulvh ru idoo lq wkh vkruw0uxq ghshqglqj rq
vxevwlwxwlrq srvvlelolwlhv/ lq sduwlfxodu wkh vljq ri ivx1 Lq wkh vhsdudeoh fdvh/ zv
ulvhv iru ￿{hg n li dqg rqo| li
fvx ￿ ￿nfqn ? 3
zkhuh f== uhihuv wr Klfnv*v hodvwlflw| ri frpsohphqwdulw| dqg ￿n lv wkh vkduh ri
fdslwdo91
Rqh lpsolfdwlrq ri wklv h{dpsoh lv wkdw rqh fdqqrw lqihu wkh uhvsrqvh wr d rqfh0
dqg0iru0doo lqfuhdvh lq wkh plqlpxp zdjh iurp PUV uhodwlrqvklsv vxfk dv +8, eh0
fdxvh zv fdqqrw eh wdnhq dv ￿{hg1 Krzhyhu rqh pd| xvh PUV frqglwlrqv wr lqihu
wkh h￿hfw ri shupdqhqw lqfuhdvhv lq wkh plqlpxp zdjhv uhodwlyh wr dyhudjh zdjhv
vd|/ zklfk lv shukdsv wkh prvw qdwxudo h{shulphqw wr frqvlghu1
61 Phwkrgrorjlfdo Lvvxhv
6141 Wkh hvwlpdwlqj htxdwlrq1 Rqh frxog hvwlpdwh +8, gluhfwo| +ru hyhq wkh
pdujlqdo surgxfwlylw| frqglwlrqv, exw lw lv qrw uhdoo| fohdu zkdw wkh dssursuldwh
phdvxuhv ri v dqg x vkrxog eh1 Lw lv frpprq wr lghqwli| x zlwk wkh |rxqj/ exw qrw
doo |rxqj zrunhuv uhfhlyh wkh plqlpxp zdjh dqg qrw doo zkr uhfhlyh wkh plqlpxp
zdjh duh |rxqj1 Zh dujxh lqvwhdg dv iroorzv1 Zulwh H @ v.x iru wrwdo hpsor|phqw1
Wkhq
H@S @+ v@Sv,+4 . x@v,+4 . Sx@Sv,￿4 +;,
@ j+zv>z v@zx>￿>S x@Sv, +<,
SIru pruh wkdq wzr vruwv ri oderxu/ rqh fdq rewdlq shupdqhqw lqfuhdvhv lq wkh uhdo zdjhv ri
vrph zrunhuv li wkh| duh vx!flhqwo| vxevwlwxwdeoh iru ￿1 Iru h{dpsoh/ li d jurxs ri zrunhuv lv
shuihfwo| vxevwlwxwdeoh iru ￿/ wkhq wkhlu zdjhv zloo dozd|v eh sursruwlrqdo wr ￿￿/ surylghg vrph
￿ duh hpsor|hg dw doo1 +Qrwh wkdw wkh h{lvwhqfh ri shuihfw vxevwlwxwhv frxog uhvxow lq doo ￿0zrunhuv
ehfrplqj xqhpsor|hg/ hyhq lq wkh vkruw0uxq1,9 PDQIUHG NHLO/ GRQDOG UREHUWVRQ/ DQG MDPHV V\PRQV
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Iljxuh 51 H￿hfw ri d vkliw lq plqlpxp zdjh
iru vrph ixqfwlrq j/ zkhuh S ghqrwhv wkh uhohydqw srsxodwlrq1 Wklv lv wkh htxdwlrq
zh vkdoo hvwlpdwh1 Hvvhqwldoo|/ +;, lv d oderxu0vxsso| uhodwlrqvkls/ prgl￿hg wr uh hfw
dq| lqyroxqwdu| xqhpsor|phqw fuhdwhg e| plqlpxp zdjhv1:
Zh sursrvh wkdw zv eh phdvxuhg e| vwdwh dyhudjh krxuo| hduqlqjv lq pdqxidf0
wxulqj uhodwlyh wr wkh XV FSL/ zx e| wkh pdqgdwru| plqlpxp zdjh uhodwlyh wr wkh
FSL/ dqg Sx@Sv e| wkh vkduh ri |rxwk lq wkh srsxodwlrq1 Whfkqrorjlfdo surjuhvv ￿
lv dvvxphg wr eh qrq0vwdwh vshfl￿f dqg dssursuldwho| prghoohg e| +qdwlrqdo, wlph
wuhqgv +fdswxuhg e| wlph ￿{hg h￿hfwv,1 Dqrwkhu idfwru rqh pxvw wdnh lqwr dffrxqw
lq orqjlwxglqdo gdwd lv wkh lqfuhdvh lq ihpdoh sduwlflsdwlrq1 Lghdoo| rqh zrxog olnh
wr kdyh d phdvxuh ri wkh ghhs idfwru/ zkdwhyhu lw zdv/ wkdw fdxvhg ihpdoh sduwlfl0
sdwlrq wr lqfuhdvh vr pxfk ryhu rxu shulrg exw/ idlolqj wklv/ zh vkdoo lqfoxgh wuhqg
vwdwh uhodwlyh ihpdoh oderxu irufh1;
Zh vkdoo wuhdw erwk zv dqg zv@zx dv hqgrjhqrxv1 Devwudfwlqj iurp plqlpxp
zdjh h￿hfwv/ rqh fdq wklqn ri zv dv wkh rxwfrph ri wkh lqwhudfwlrq ri oderxu gh0
pdqg dqg vxsso|/ vr wkdw wkh vkliw yduldeohv iurp wkh oderxu ghpdqg vfkhgxoh duh
dydlodeoh dv lqvwuxphqwv/ lq sduwlfxodu/ wkh vwrfn ri sk|vlfdo fdslwdo1 Vlqfh sk|vlfdo
fdslwdo lv uhodwlyho| lppreloh/ lw lv qdwxudo wr wdnh odjv ri zv dv lqvwuxphqwv/ idlolqj
phdvxuhphqwv ri vwdwh fdslwdo vwrfnv1 Lq idfw zh frqvwuxfw dq lqvwuxphqw iru zv
dv wkh ￿wwhg ydoxh iurp d vwdwh0vshfl￿f uhjuhvvlrq ri zv rq lwv odj1 Iru zv@zx zh
wdnh wkh qrplqdo plqlpxp zdjh dv dq lqvwuxphqw1 Vshfl￿fdoo|/ zh wdnh dv wkh
lqvwuxphqw lq wklv fdvh wkh ￿wwhg ydoxh iurp d vwdwh0vshfl￿f uhjuhvvlrq ri zv@zx rq
lwv odj dqg wkh fkdqjh lq wkh qrplqdo plqlpxp zdjh iurp wkh suhylrxv shulrg1
6151 G|qdplfv1 Vr idu zh kdyh ehhq frqfhuqhg hvvhqwldoo| zlwk htxloleulxp uhod0
wlrqvklsv exw lw vhhpv idluo| sodxvleoh wkdw hfrqrplhv zloo dw wlphv eh revhuyhg rxw ri
orqj0uxq htxloleulxp1 Lw lv vrphwlphv vxjjhvwhg wkdw ohqjwk| dgmxvwphqw wr htxlole0
ulxp lv qrw sodxvleoh +Eurzq hw do1/ 4<;5,1 Wklv lv uhdvrqdeoh li wkh rqo| lpsolfdwlrq
.Qrwh wkdw wkh ghulydwlyh ri }E￿￿ zlwk uhvshfw wr lwv vhfrqg dujxphqw grhv qrw uh hfw wkh ixoo
h￿hfw ri d plqlpxp zdjh fkdqjh/ ehfdxvh dv dujxhg deryh vxevhtxhqw fkdqjhv lq fdslwdo vwrfn
zloo ohdg wr ohyho fkdqjhv lq ￿r1 Krzhyhu wkhvh duh olnho| wr eh plqru jlyhq wkdw wkh plqlpxp
zdjh d￿hfwv d uhodwlyho| vpdoo sursruwlrq ri wkh srsxodwlrq1
HZh xvh wkh ￿wwhg ydoxhv iurp d vwdwh e| vwdwh uhjuhvvlrq ri ihpdoh oderxu irufh uhodwlyh wr
wrwdo rq d txdgudwlf lq wlph1PLQLPXP ZDJHV DQG HPSOR\PHQW :
ri dq lqfuhdvh lq wkh uhdo zdjh lv wr vdfn d ihz ￿exujhu  lsshuv￿ exw lv qrw vr fohdu
li vxfk dq lqfuhdvh vhwv lq wudlq h{whqvlyh vxevwlwxwlrq ehwzhhq orz0vnloohg zrunhuv
dqg fdslwdo dqg vnloohg zrunhuv/ ru/ rq wkh rwkhu kdqg/ uhdoorfdwlrq ri fdslwdo dqg
vnloohg zrunhuv wr rwkhu dfwlylwlhv1 Frqvlghu iru h{dpsoh d jduphqw pdqxidfwxuhu
zkr hpsor|v d qxpehu ri zrunhuv dw vzhdw0vkrs zdjhv1 Li wkh plqlpxp zdjh zhuh
wr eh lqfuhdvhg/ kh pd| zlvk kh kdg qrw erxjkw wkh vhzlqj0pdfklqhv dqg wdnhq d
ohdvh rq wkh exloglqj/ exw li wkhvh duh vxqn frvwv/ kh pd| suhihu wr vwd| lq exvlqhvv
zkloh wkh ohdvh odvwv/ judgxdoo| glvsrvlqj ri wkh vhzlqj0pdfklqhv dv rssruwxqlwlhv
dulvh/ dqg ohwwlqj hpsor|phqw uxq grzq1 Zkhq wkh dgmxvwphqw lv frpsohwh/ wkh
sk|vlfdo fdslwdo +wkh exloglqj dqg wkh pdfklqhv, dqg wkh vnloohg zrunhuv zloo eh
hpsor|hg e| rwkhu ￿upv dqg vrph ru doo ri wkh xqvnloohg zrunhuv zloo eh rxw ri d
mre1 Dowhuqdwlyho|/ wkh pdqxidfwxuhu pd| ghflgh wr uhsodfh wkh xqvnloohg zrunhuv
zlwk frpsxwhu0frqwuroohg htxlsphqw/ zklfk pljkw zhoo hqwdlo d ohqjwk| shulrg ri
sodqqlqj/ gxulqj zklfk wkh ￿up pljkw rshudwh odujho| dv ehiruh1
Wkh prvw qdwxudo zd| wr lqwurgxfh g|qdplfv lv yld dgmxvwphqw frvwv zklfk
w|slfdoo| ohdgv wr dgglqj d odj ri wkh ghshqghqw yduldeoh dqg uhsodflqj wkh iruflqj
yduldeoh e| d zhljkwhg vxp ri doo ixwxuh ydoxhv1 Lq sudfwlfh/ rqh lv irufhg wr phdvxuh
wklv zhljkwhg vxp e| wkh fxuuhqw ydoxh ri wkh iruflqj yduldeoh zklfk wkxv lqwurgxfhv
phdvxuhphqw huuruv lqwr wkh iruflqj yduldeoh dqg frqvhtxhqw grzqzdugv eldvhv wr
hvwlpdwhg hodvwlflwlhv1 Dq dowhuqdwlyh lv wr vshfli| dq dgmxvwphqw0frvw whfkqrorj|
dqg wr hvwlpdwh wkh Hxohu htxdwlrq uhvxowlqj iurp wkh lqwhu0whpsrudo pd{lplvdwlrq1
Zh suhihu d pruh wudqvsduhqw phwkrgrorj| dqg vkdoo phuho| dsshqg d odjjhg gh0
shqghqw yduldeoh wr rxu hvwlpdwlqj htxdwlrq1 Wkh uhvxowlqj eldv wrzdugv }hur ri wkh
hvwlpdwhg hodvwlflwlhv pd| qrw eh vhyhuh vlqfh rxu uhodwlyh plqlpxp zdjh yduldeoh
h{klelwv d juhdw ghdo ri yduldqfh1
6161 Hfrqrphwulf Frqvlghudwlrqv1 D vwrfkdvwlf dqg g|qdplf yhuvlrq ri +;, lv
hlw @ ￿hlw￿4 . ￿
3}lw . %lw l @4 >===q> w @4 >===W +43,
zkhuh hlw lv wkh hpsor|phqw udwh lq vwdwh l dw wlph w/ }lw uhsuhvhqwv d yhfwru ri
iruflqj yduldeohv/ rqh ri zklfk zloo eh wkh plqlpxp uhdo zdjh uhodwlyh wr dyhudjh
krxuo| hduqlqjv/ dqrwkhu uhdo krxuo| hduqlqjv/ dqg %lw lv vrph huuru surfhvv wkdw
pd| frqwdlq vwdwh dqg wlph ￿{hg h￿hfwv/ zlwk shukdsv frqwhpsrudqhrxv fruuhodwlrq
ehwzhhq gl￿huhqw %lw/ %mw1 Zh vkdoo vwduw zlwk vwudljkwiruzdug ROV hvwlpdwlrq ri
+43, dqg wkhvh irup rxu edvh uhvxowv1 Exw wkhuh duh vhyhudo ixuwkhu hfrqrphwulf
frqvlghudwlrqv1 Iluvwo| rqh pd| eh frqfhuqhg derxw vhuldo fruuhodwlrq lq wkh huuru
surfhvv zklfk zrxog ohdg wr eldvhv lq hvwlpdwlrq ehfdxvh ri wkh odjjhg hqgrjhqrxv
yduldeoh1 Wkhuh lv vrph hylghqfh ri orz0rughu vhuldo fruuhodwlrq lq wkh uhvlgxdov
iurp w|slfdo ROV h{shulphqwv1 Wklv sureohp fdq eh vroyhg h￿hfwlyho|< e| xvlqj
wkh vhfrqg odj ri wkh ghshqghqw yduldeoh dv lqvwuxphqw iru wkh odjjhg ghshqghqw
yduldeoh dqg zh uhsruw wkhvh uhvxowv dv zhoo1 D ixuwkhu sureohp zlwk ROV hvwlpd0
wlrq ri g|qdplf ￿{hg0h￿hfwv sdqhov lv wkh eldv ghvfulehg e| Qlfnhoo +4<;4,1 Wklv lv
sduwlfxoduo| vhyhuh iru vpdoo W sdqhov/ lq zklfk fdvh lw zrxog eh xvxdo wr wdnh ￿uvw0
gl￿huhqfhv wr uhpryh wkh ￿{hg0h￿hfwv dqg wkhq xvh dq LY hvwlpdwru wr ryhufrph
wkh lqgxfhg fruuhodwlrq ehwzhhq wkh gl￿huhqfhg odjjhg ghshqghqw yduldeoh dqg wkh
gl￿huhqfhg huuruv +dv vxjjhvwhg e| Dqghuvrq dqg Kvldr +4<;5,,1 JPP whfkqltxhv
bWklv lv wuxh iru wkh fdvh ri dq PD+4, huuru vwuxfwxuh/ dqg zloo eh dssur{lpdwho| wuxh iru dq
DU surfhvv zkhuh wkh vhfrqg0rughu fruuhodwlrq lv vpdoo/ dv zlwk dq DU+4, ri sdudphwhu derxw 3151; PDQIUHG NHLO/ GRQDOG UREHUWVRQ/ DQG MDPHV V\PRQV
duh dovr dydlodeoh wkdw h{sorlw wkh lqfuhdvhg vhw ri lqvwuxphqwv dv wkh sdqho dg0
ydqfhv +Duhoodqr dqg Erqg 4<;;/ 4<<4,1 Lq wklv duhd wkhuh lv dozd|v d frpsurplvh
ehwzhhq wkh ghvluh wr uhgxfh wkh eldv ri ROV/ dqg wkh srvvleoh eldvhv dqg odfn ri hi0
￿flhqf| wkdw pd| eh lqwurgxfhg e| wkh lqvwuxphqwdo yduldeohv surfhgxuh/ zkhuh wkh
lqvwuxphqwv pd| qrw eh shuihfwo| ruwkrjrqdo wr wkh huuruv dqg pd| eh rqo| srruo|
fruuhodwhg zlwk wkh hqgrjhqrxv yduldeoh lq txhvwlrq1 Hyhq zlwk txlwh vkruw sdqhov/
lw pd| zhoo eh suhihudeoh lq urrw0phdq0vtxduhg0huuru whupv wr xvh ROV hvwlpdwlrq
ri wkh g|qdplf prgho1 Zkhq wkh wlph glphqvlrq lv pruh vxevwdqwldo/ dv lq wklv sd0
shu +khuh W lv derxw 53,/ ru zkhq wkhuh duh vwurqj iruflqj yduldeohv +dv lv dovr wkh
fdvh khuh,/ Qlfnhoo0eldv whqgv wr glvdsshdu dqg wkh fdvh iru vwudljkwiruzdug ROV
hvwlpdwlrq lv hyhq vwurqjhu431 Ghvslwh wklv zh vkdoo dovr glvfxvv Dqghuvrq0Kvldr
hvwlpdwlrq ehorz1
Wkh huuru surfhvv %lw fdswxuhv doo xqrevhuyhg h￿hfwv rq hpsor|phqw ohyhov dqg
dq| plvphdvxuhphqw ri wkh }lw1 Lw lv wkxv olnho| wr kdyh d frpsolfdwhg ghshqghqfh
vwuxfwxuh dfurvv l dv zhoo dv w=44 Ghshqghqfh ryhu w fdq eh wuhdwhg e| d frpelqdwlrq
ri lqvwuxphqwdo yduldeohv dv deryh dqg shukdsv txdvl0gl￿huhqflqj1 Ghshqghqfh ryhu
l lv pruh sureohpdwlfdo1 Rqh srvvleoh vroxwlrq lv wr prgho vsdwldo ghshqghqfh e|
dvvxplqj vrph phdvxuh ri glvwdqfh ehwzhhq wkh furvv0vhfwlrqdo xqlwv/ wkxv lpsrvlqj
dq rughu rq wkh gdwd dqg doorzlqj ghshqghqfh sdwwhuqv wr eh prghoohg lq wkh
fryduldqfh pdwul{ ri wkh huuruv1 Wklv vhhpv xqolnho| wr eh dq dffxudwh ghvfulswlrq
ri wkh ghshqghqfh sdwwhuqv iru vwdwh gdwd/ lq wkdw fhuwdlq vwdwhv zloo eh forvh e| vrph
hfrqrplf fulwhuld exw glvwdqw e| rwkhuv l1h1 hfrqrplf glvwdqfh lv qrw d xqlyduldwh
frqfhsw1 Dq dowhuqdwlyh lv wkh VXU whfkqltxh zkhuhlq lw lv ohiw wr wkh gdwd wr
ghwhuplqh wkh furvv0vhfwlrqdo ghshqghqfh1 Wkh sureohp zlwk VXU khuh/ zkhuh
wkhuh duh pruh furvv0vhfwlrqv wkdq wlph shulrgv/ lv wkdw wkh vwdqgdug whfkqltxh
ri hvwlpdwlqj wkh fryduldqfh pdwul{ zloo qrw surgxfh dq lqyhuwleoh pdwul{/ dqg/
lq dq| fdvh/ whqgv wr eh wrr sur ljdwh zlwk wkh qxpehu ri hvwlpdwhg sdudphwhuv1
Urehuwvrq dqg V|prqv +5333, sursrvh lpsohphqwlqj VXU w|sh uhjuhvvlrqv lq d
vlwxdwlrq zkhuh wkh vwdqgdug hvwlpdwru ri wkh fryduldqfh pdwul{ lv udqn0gh￿flhqw
e| lpsrvlqj d idfwru vwuxfwxuh rq wkh uhvlgxdov dqg xvlqj pd{lpxp olnholkrrg
whfkqltxhv wr uhfryhu dq lqyhuwleoh hvwlpdwh ri wkh pdwul{1
Wr vhh krz wklv lv grqh/ uh0zulwh +43, dv
hw @ ￿hw￿4 . }w￿ . %w w @4 >===W +44,
zkhuh hw @+ h 4 w>===>hqw,3 dqg %w @+ % 4 w>===>%qw,3 duh q￿4 yhfwruv/ }w lv dq q￿y pdwul{
ri h{sodqdwru| yduldeohv revhuyhg dw w/ ￿ lv d yhfwru ri xqnqrzq sdudphwhuv wr eh
hvwlpdwhg/ %w lv d yhfwru zklwh0qrlvh surfhvv zlwk H+%w%3
w,@￿ >dqg H+}lmw%nw,@3
doo l>m>n>w=
Wkh idfwru dvvxpswlrq lv wkdw
￿@￿ ￿ 3.￿ +45,
￿fVhh Juxee dqg V|prqv +4<;:, iru d glvfxvvlrq ri eldv lq g|qdplf prghov/ lq sduwlfxodu wkh
eldv0uhgxflqj surshuwlhv ri vljql￿fdqw iruflqj yduldeohv11
￿￿Qrwh dovr wkdw sdudphwhu khwhurjhqhlw| lq wkh xqghuo|lqj prgho +l1h1 wkh vorsh frh!flhqwv q
ydu| dfurvv furvv vhfwlrqdo xqlwv, frxog eh lqwhusuhwhg dv d krprjhqrxv vorsh prgho zlwk d pruh
frpsoh{ huuru fryduldqfh vwuxfwxuh1 Wkdw lv/ li wkh prgho lv e￿| ’ q￿
￿5￿| n 0￿| zh fdq uhzulwh dv
e￿| ’ q￿5￿| nE E q ￿
￿3q ￿￿ 5 ￿| n 0￿|￿ v rw k d wh y h ql iw k h0 ￿| duh xqfruuhodwhg dfurvv wlph dqg xqlwv/
wkh frpsrxqg huuru lq wkh krprjhqrxv prgho Eq￿
￿ 3 q￿￿5￿| n 0￿| zloo kdyh d fruuhodwlrq vwuxfwxuh
uh hfwlqj fruuhodwlrqv lq wkh iruflqj yduldeohv 5PLQLPXP ZDJHV DQG HPSOR\PHQW <
zkhuh ￿ lv d q ￿ s pdwul{ ri vr0fdoohg idfwru ordglqjv dqg ￿ lv d gldjrqdo q ￿ q
pdwul{ zlwk gldjrqdo hohphqwv #4># 5>===#q/ zkhuh #l A 3 uh hfwv lglrv|qfudwlf
h￿hfwv1 Wklv doorzv iru vrph frqwhpsrudqhrxv fruuhodwlrq ehwzhhq vkrfnv/ exw
h{suhvvhg dv d ixqfwlrq ri ihzhu sdudphwhuv wkdq wkh xqfrqvwudlqhg ￿ li s?q 1
Qrwh wkdw wkh idfwru prgho jhqhudolvhv ￿{hg0h￿hfwv prghov gluhfwo|/ dv wkh ￿{hg
h￿hfwv fdq eh hqwhuhg dv hohphqwv ri }1
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v,@￿ wv￿ dqg ￿n lv
d froxpq yhfwru ri zhljkwv1 Wkh !v fdq eh lqwhusuhwhg dv s frpprq vkrfnv dqg wkh
hohphqwv ri hdfk ￿n jlyh wkh ordglqj ru lpsdfw ri hdfk ri wkhvh vkrfnv rq hdfk ri
wkh furvv0vhfwlrqdo xqlwv1 Wkhvh frpprq vkrfnv surylgh furvv0vhfwlrqdo fruuhodwlrq
lq wkh huuru vwuxfwxuh/ zlwk wkh xw dgglqj dq lglrv|qfudwlf whup1 Hvwlpdwlrq ri
wkh prgho +45, lv e| pd{lpxp olnholkrrg1 Wkh ghwdlov/ lqfoxglqj vhohfwlrq ri wkh
qxpehu ri idfwruv s/ duh glvfxvvhg lq Urehuwvrq dqg V|prqv +rs1 flw1,1
71 Hpslulfdo Uhvxowv
Zh hvwlpdwh rxu prgho rq dqqxdo gdwd iru wkh 7; frqwljxrxv XV vwdwhv ryhu wkh
shulrg 4<::04<<81 Ixoo gdwd vrxufhv dqg ghvfulswlrq duh lq wkh gdwd dsshqgl{1 Zh
suhvhqw wzr vhwv ri uhvxowv/ rqh zlwk ghshqghqw yduldeoh wkh udwlr ri hpsor|phqw wr
srsxodwlrq/ wkh rwkhu zlwk |rxwk hpsor|phqw uhodwlyh wr |rxwk srsxodwlrq/ vlqfh lw
lv riwhq irxqg wkdw plqlpxp zdjhv lpslqjh pruh vwurqjo| rq |rxwkv451 Uhvxowv iru
hpsor|phqw2srsxodwlrq duh lq Wdeoh 4> uhvxowv iru |rxwk hpsor|phqw2srsxodwlrq
duh lq Wdeoh 51
Lq Froxpq 4 ri hdfk Wdeoh zh uhjuhvv wkh hpsor|phqw udwh rq d odjjhg ghshqghqw
yduldeoh/ wkh uhodwlyh plqlpxp zdjh dqg wzr ghprjudsklf yduldeohv/ wkh wuhqg
vkduh ri zrphq lq wkh oderxu irufh dqg wkh vkduh ri |rxwk lq wkh srsxodwlrq1
Vwdwh ￿{hg h￿hfwv duh lqfoxghg/ exw qrw wlph ￿{hg h￿hfwv1 Wkh plqlpxp zdjh
lv qhjdwlyh dqg vljql￿fdqw lq wklv uhjuhvvlrq iru erwk wkh djjuhjdwh hpsor|phqw
vshfl￿fdwlrq dqg iru |rxwkv1 Zkhq/ krzhyhu/ zh dgg wlph ￿{hg h￿hfwv lq Froxpq 5/
wkh vljq rq wkh plqlpxp zdjh lv uhyhuvhg lq erwk fdvhv1 Wklv hvvhqwldoo| uhsurgxfhv
wkh uhvxow ri Qhxpdun dqg Zdvfkhu +iru whhqdjhuv dqg |rxqj dgxowv, glvfxvvhg
lq wkh Lqwurgxfwlrq1 Lq Froxpq 6/ lq dffrugdqfh zlwk wkh lqwhusuhwdwlrq ri wkh
htxdwlrq dv d txdvl oderxu0vxsso| uhodwlrqvkls/ zh dgg wkh uhdo frqvxpswlrq zdjh1
Wkh vljq ri wkh plqlpxp zdjh ehfrphv qhjdwlyh djdlq1 Lq froxpqv 7/ 8 dqg 9/
zh h{shulphqw zlwk Lqvwuxphqwdo Yduldeohv1 Vhuldo fruuhodwlrq lq wkh uhvlgxdov/
dv zh whqg wr ￿qg lq doo hduolhu h{shulphqwv46/ zloo lq jhqhudo lqydolgdwh odjv ri
wkh hqgrjhqrxv yduldeohv dv lqvwuxphqwv/ exw zkhq wklv vhuldo fruuhodwlrq lv orz
dqg ri ￿uvw rughu rqo|/ dv zh dovr ￿qg/ vhfrqg odjv ri hqgrjhqrxv yduldeohv zloo
eh dssur{lpdwho| ruwkrjrqdo wr wkh htxdwlrq huuru +dvvxplqj ri frxuvh wkdw wkh
lqqrydwlrq lq wkh huuru surfhvv lv ruwkrjrqdo wr yduldeohv gdwhg w￿4,1 Lq Froxpq 7
zh xvh dv lqvwuxphqwv vwdwh0vshfl￿f iruhfdvwv ri wkh wzr hqgrjhqrxv yduldeohv edvhg
rq lqirupdwlrq gdwhg w ￿ 41 Zh lqvwuxphqw dv zhoo wkh odjjhg ghshqghqw yduldeoh
e| lwv odj1 Lq wkhvh h{shulphqwv wkh plqlpxp zdjh sdudphwhuv duh erwk qhjdwlyh
dqg erwk frpiruwdeo| pruh wkdq wzr vwdqgdug huuruv iurp }hur1 Lq Froxpq 8 zh
￿2Wkh vshfl￿fdwlrq lv lq ohyhov/ qrw wkh pruh xvxdo orjv1 Qhxpdun dqg Zdvfkhu +4<<5, ￿qg d
ohyho vshfl￿fdwlrq suhihudeoh lq d Er{0Fr{ dqdo|vlv1
￿￿Wkh hvwlpdwhg ￿uvw/ vhfrqg dqg wklug rughu vhuldo fruuhodwlrqv ri wkh srrohg uhvlgxdov duh
uhsruwhg lq wkh Wdeohv143 PDQIUHG NHLO/ GRQDOG UREHUWVRQ/ DQG MDPHV V\PRQV
lqfoxgh dv h{wud lqvwuxphqwv iruhfdvwv edvhg rq w ￿ 51 Wkh htxdwlrq lv qrz ryhu0
lghqwl￿hg vr lw lv srvvleoh wr h{dplqh wkh ruwkrjrqdolw| ehwzhhq wkh lqvwuxphqwv
dqg wkh uhvlgxdov1 D uhjuhvvlrq ri wkh uhvlgxdov rq wkh lqvwuxphqwv jlyhv d S0
ydoxh ri 3185 iru wkh djjuhjdwh vshfl￿fdwlrq dqg 3188 iru |rxwkv vr lq erwk fdvhv
wkh lqvwuxphqwv gr vhhp dssursuldwho| ruwkrjrqdo1 Froxpq 9 wkhq jlyhv uhvxowv
iru lqvwuxphqwv gdwhg rqo| dw w ￿ 5= Wkurxjkrxw wkh LY h{shulphqwv/ iru erwk wkh
djjuhjdwh hpsor|phqw dqg |rxwk vshfl￿fdwlrqv/ wkh plqlpxp zdjh sdudphwhu lv
vljql￿fdqwo| qhjdwlyh dqg ri dq lpsruwdqw pdjqlwxgh1
Zh surfhhg wr wkh Idfwru0JOV hvwlpdwhv dv iroorzv1 Wkhuh lv hylghqfh ri orz0
rughu vhuldo fruuhodwlrq lq wkh uhvlgxdov lq Froxpqv 9 ri erwk Wdeohv 4 dqg 51 Vlqfh
vxfk fruuhodwlrq frxog eh htxdoo| zhoo prghoohg dv dq PD+4, ru dq DU+4,/ zh fkrrvh
wkh odwwhu dqg txdvl0￿uvw0gl￿huhqfh wkh gdwd lq +43, xvlqj wkh hvwlpdwhg ￿uvw0rughu
vhuldo fruuhodwlrqv1 Wkhvh txdvl0gl￿huhqfhg uhvlgxdov uhsuhvhqw wkh vkrfnv1 Iru wkh
djjuhjdwh hpsor|phqw vhulhv/ wkh dyhudjh prgxoxv ri r￿0gldjrqdo hohphqwv lq wkh
uhvlgxdo fruuhodwlrq pdwul{ lv 315491 Xqghu wkh qxoo ri }hur furvv0vhfwlrqdo fru0
uhodwlrq rqh fdq edvh d "5 whvw rq wkh vxp ri vtxduhg hohphqwv ehorz wkh pdlq
gldjrqdo> xvlqj Ilvkhu*v wdqk wudqvirupdwlrq dqg dssur{lpdwlqj wkh dyhudjh ri "5
e| d qrupdo/ rqh rewdlqv d vwdwlvwlf glvwulexwhg dv vwdqgdug qrupdo/ zlwk odujh
ydoxhv ehlqj hylghqfh ri ghshqghqfh1 Khuh } @6 = 4 1 Wklv vxjjhvwv wkdw li rqh qh0
johfwv furvv0vhfwlrqdo ghshqghqfh wkhuh frxog eh sureohpv iru lqihuhqfh1 Wr ghdo
zlwk wklv/ d idfwru0ghfrpsrvlwlrq dorqj wkh olqhv ri +45, lv vrxjkw iru wkh fryduldqfh
pdwul{ ri wkhvh wudqviruphg uhvlgxdov1 Wkh ￿uvw vwhs lv wr ￿qg wkh dssursuldwh
qxpehu ri idfwruv1 Urehuwvrq dqg V|prqv +5333, uhsruw iurp Prqwh0Fduor vwxg|
wkdw lqirupdwlrq fulwhuld vxfk dv Kdqqdq0Txlqq ru DLF dssolhg wr wkh pd{lplvhg
orj0olnholkrrg +dv wkh fkrvhq qxpehu ri idfwruv ydulhv, jlyh jrrg uhvxowv lq lghqwl0
i|lqj wkh fruuhfw qxpehu ri idfwruv lq +45,1 Fduh lv qhhghg lq wkh fdvh zkhq qAW
+dv khuh, ehfdxvh wkh olnholkrrg jurzv zlwkrxw erxqg dv wkh qxpehu ri idfwruv lv
lqfuhdvhg wr W/ exw lw lv qdwxudo wr fkrrvh d orfdo pd{lpxp ri wkh lqirupdwlrq ful0
whulrq1 Lq rxu gdwd wkh DLF vkrzv d orfdo pd{lpxp dw wkuhh vr wkdw rxu hvwlpdwh
ri ￿ lv iru d wkuhh0idfwru prgho1 Dsso|lqj wklv hvwlpdwh ri wkh yduldqfh0fryduldqfh
pdwul{ wr wkh txdvl0￿uvw0gl￿huhqfhg gdwd |lhogv wkh prgho lq Wdeoh 4/ Froxpq :1
Wkh ￿w lv eurdgo| vlplodu wr Froxpqv 7 0 9 exw lv ohvv g|qdplf/ kdv vpdoohu vwdqgdug
huuruv/ dqg/ dv lqglfdwhg e| wkh Mdutxh0Ehud whvw/ kdv qrupdoo| glvwulexwhg huuruv471
Wkh orqj0uxq hodvwlflw| lv 0314<3 dqg lv txlwh wljkwo| hvwlpdwhg1 Doo lq doo/ zh ihho
wkh hvwlpdwhv lq Froxpq : duh wkh prvw uholdeoh1 Wkurxjkrxw wkhvh h{shulphqwv
wkh hodvwlflw| ri sduwlflsdwlrq zlwk uhvshfw wr uhdo zdjhv lv hvwlpdwhg wr eh ri wkh
rughu ri 03171
Iru wkh |rxwk hpsor|phqw vshfl￿fdwlrq wkh vdph surfhgxuh zdv xvhg1 Khuh wkh
LY h{shulphqwv srlqw wr qhjdwlyh vhuldo fruuhodwlrq1 Zklovw wklv pd| qrw kdyh dq
reylrxv hfrqrplf udwlrqdoh/ lw frxog sodxvleo| dulvh iurp wkh djjuhjdwlrq ri vxe0
surfhvvhv zlwk gl￿huhqw g|qdplfv/ dv pljkw zhoo eh wkh fdvh khuh1 Djdlq wkhuh duh
vxevwdqwldo r￿0gldjrqdo hohphqwv lq wkh uhvlgxdo fruuhodwlrq pdwul{> zklfk lq wklv
fdvh duh zhoo0uhsuhvhqwhg e| d rqh idfwru prgho1 Wkh uhvxowv duh jlyhq lq Wdeoh
5 Froxpq :1 Dv ehiruh/ wkh g|qdplfv duh vrphzkdw uhgxfhg/ wkh sdudphwhuv duh
pruh suhflvho| hvwlpdwhg/ dqg wkh Mdutxh0Ehud vxjjhvwv qrupdolw| ri wkh uhvlgxdov1
Iru |rxwkv wkh h￿hfw ri wkh plqlpxp zdjh lv irxqg wr eh txlwh txlfn0dfwlqj 0 d
￿eWkh idloxuh ri wkh Mdutxh0Ehud whvwv hovhzkhuh frxog eh wdnhq dv hylghqfh/ qrw ri qrq0
qrupdolw| ri wkh huuruv/ exw ri wkhlu furvv vhfwlrqdo ghshqghqfh/ zklfk lv doorzhg iru rqo| lq
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phdq odj ri d olwwoh ryhu d |hdu w|slfdoo| 0 zlwk udwkhu odujhu hodvwlflwlhv wkdq Wdeoh
4 lpsolhv iru djjuhjdwh hpsor|phqw1
Zh frqfoxgh wkdw wkh hpsor|phqw h￿hfwv ri wkh plqlpxp zdjh dfw vlploduo| iru
|rxwkv dqg wkh zkroh srsxodwlrq/ zlwk d vrphzkdw odujhu dqg idvwhu0dfwlqj h￿hfw
iru |rxwkv1 Wkh uhvxowv iru |rxwkv kdyh ehhq irxqg ehiruh e| rwkhuv> wkh uhvxowv iru
djjuhjdwh hpsor|phqw duh pruh qryho1
81 Urexvwqhvv ri Uhvxowv
Wkh deryh vhfwlrq kdv vhw rxw hpslulfdo uhvxowv dqg frqvlghuhg wkh ydulrxv hfrqr0
phwulf lvvxhv wkdw lpslqjh rq wklv w|sh ri g|qdplf sdqho vwxg|1 Gl￿huhqw hvwlpdwlrq
whfkqltxhv e| dqg odujh gholyhu wkh vdph phvvdjh1 Lq wklv vhfwlrq zh frqvlghu wkh
vhqvlwlylw| ri rxu uhvxowv wr wkh yduldeohv lqfoxghg lq wkh uhjuhvvlrq/ wkh suhvhqfh ru
devhqfh ri wuhqglqj yduldeohv/ wkh wuhdwphqw ri lqvwuxphqwv hwf1 Zh frqfhqwudwh rq
wkh uhjuhvvlrq iru djjuhjdwh hpsor|phqw wkurxjkrxw1 Vhh Wdeoh 61
Dv ehqfkpdun zh hpsor| wkh prgho iurp Wdeoh 4/ Froxpq 9/ zklfk kdv wlph
dqg vwdwh ￿{hg0h￿hfwv dqg lqvwuxphqwv gdwhg w￿5 dv glvfxvvhg deryh= Wklv prgho
lv srwhqwldoo| ohvv h!flhqw wkdq wkh idfwru prgho ri Froxpq : exw wkh phwkrgrorj|
lv pruh wudqvsduhqw1 Lq Prgho +5, zh dgg xqlrq ghqvlw| dqg wkh xqhpsor|phqw
ehqh￿w uhsodfhphqw udwh dv h{sodqdwru| yduldeohv1 Wkh hodvwlflw| eduho| fkdqjhv1
Lq Prgho +6, wkh ghprjudsklfv duh h{foxghg vr wkdw wkh lqfoxghg yduldeohv duh
irufhg/ lq sduwlfxodu/ wr h{sodlq wkh wuhqg lqfuhdvh lq hpsor|phqw sduwlflsdwlrq1
Wklv vhhpv reylrxvo| idovh/ exw/ qhyhuwkhohvv/ wkh plqlpxp zdjh hodvwlflw| vwd|v
pxfk wkh vdph1 Lq Prgho +7, zh h{foxgh wkh odjjhg ghshqghqw yduldeoh vr wkdw wkh
vwdwlf uhjuhvvlrq lv hvwlpdwhg1 Wkh plqlpxp zdjh sdudphwhu uhpdlqv qhjdwlyh dqg
qrplqdoo| vljql￿fdqw1 Wklv hvwlpdwh lv e| LY= lq Prgho+8, wkh vdph vshfl￿fdwlrq lv
hvwlpdwhg e| ROV1 Qrz wkh plqlpxp zdjh vzlwfkhv vljq dqg ehfrphv lqvljql￿fdqw1
Wkxv hqgrjhqhlw| lv dq lpsruwdqw lvvxh lq ghwhfwlqj plqlpxp zdjh h￿hfwv/ dv
zh irxqg lq Wdeoh 41 Lq wkhvh odvw wzr h{shulphqwv wkh uhvlgxdov h{klelw vwurqj
vhuldo fruuhodwlrq +￿+ 4 ,@3 = :6 lq Prgho +7,,1 Prgho +9, dgguhvvhv wkh lvvxh udlvhg
e| Fdug dqg Nuxhjhu lq wkhlu errn wkdw wkh fkrlfh ri gh dwru iru wkh plqlpxp
zdjh pljkw lwvhoi erjxvo| lqwurgxfh wkh exvlqhvv f|foh lqwr wkh plqlpxp zdjh
yduldeoh1 Lq wkh ehqfkpdun/ plqlpxp zdjh lv phdvxuhg uhodwlyh wr dyhudjh hduqlqjv
lq pdqxidfwxulqj/ zlwk odjv ri wklv yduldeoh xvhg wr fuhdwh wkh lqvwuxphqw1 Lw frxog
eh dujxhg wkdw wklv surfhgxuh grhv qrw uhpryh wkh exvlqhvv f|foh vr lq Prgho
+9, zh uhsodfh dyhudjh hduqlqjv e| wkh ￿wwhg ydoxhv ri vwdwh0vshfl￿f uhjuhvvlrqv rq
txdgudwlf wuhqgv dqg vlploduo| iru wkh FSL lq wkh ghqrplqdwru ri wkh uhdo zdjh/
dqg hvwlpdwh e| ROV1 Wkh srlqw hvwlpdwh ri wkh plqlpxp zdjh h￿hfw lv odujho|
dv ehiruh wkrxjk wkh vwdqgdug huuru lv pxfk lqfuhdvhg1 Wkh ￿qdo h{shulphqw lq
Wdeoh 6 h{foxghv ￿{hg0h￿hfwv exw lqwurgxfhv XV0zlgh yduldeohv lqwr wkh htxdwlrq/
vshfl￿fdoo|/ wkh XV qrplqdo lqwhuhvw udwh/ wkh XV lq dwlrq udwh/ wkh XV djjuhjdwh
xqhpsor|phqw udwh dqg d XV0zlgh txdgudwlf wuhqg1 Zh ￿qg wkdw wkh plqlpxp
zdjh hodvwlflw| lv pxfk wkh vdph dv lq wkh ehqfkpdun +dv duh wkh xquhsruwhg srlqw
hvwlpdwhv,1
Zh kdyh h{shulphqwhg dv zhoo zlwk ydu|lqj wkh vdpsoh/ 4<::04<<8 lq wkh ehqfk0
pdun1 Kroglqj wkh ￿uvw revhuydwlrq ￿{hg dw 4<:: dqg uhgxflqj wkh hqgsrlqw e|
wkuhh |hdu lqwhuydov/ zh ￿qg wkdw wkh srlqw hvwlpdwh uhpdlqv qhjdwlyh dqg pruh
wkdq wzr vwdqgdug huuruv iurp }hur xqwlo wkh vdpsoh hqgv dw 4<;6 zkhuhxsrq wkh
srlqw hvwlpdwh/ wkrxjk qhjdwlyh/ ehfrphv ohvv wkdq lwv vwdqgdug huuru1 Zh uhshdwhg45 PDQIUHG NHLO/ GRQDOG UREHUWVRQ/ DQG MDPHV V\PRQV
wklv h{huflvh iru wkh ehjlqqlqj0srlqw ri wkh vdpsoh1 Zkhq wkh prgho lv ￿wwhg 4<;30
4<<8/ wkh hodvwlflw| idoov wr 031457+313;<,> zkhq wkh vdpsoh ehjlqv dw 4<;6 ru 4<;9/
wkh srlqw hvwlpdwh ri wkh hodvwlflw| lv srvlwlyh/ derxw 314 zlwk d vwdqgdug huuru ri
derxw 3138 lq erwk fdvhv1 Ixuwkhu lqfuhdvhv lq wkh ehjlqqlqj0srlqw |lhog qhjdwlyh
hodvwlflwlhv djdlq/ wkrxjk wkh vwdqgdug huuruv qrz ehfrph odujh1 Wkxv plqlpxp
zdjh h￿hfwv dsshdu qrw wr eh uhdglo| ghwhfwdeoh li rqh uholhv rqo| rq pruh prghuq
gdwd1
Ilqdoo| lw pd| eh dujxhg wkdw rxu hvwlpdwhv vx￿hu iurp g|qdplf ￿{hg h￿hfw
sdqho eldvhv1 Zh shuiruphg d ydulhw| ri Dqghuvrq0Kvldr h{shulphqwv xvlqj hlwkhu
odjjhg ohyhov ru odjjhg gl￿huhqfhv dv lqvwuxphqwv> zkhuh vhuldo fruuhodwlrq ri wkh
uhvlgxdov phdqv wkdw wkh odjv pxvw eh ghhshu wkdq xvxdo1 Frq￿ghqfh lqwhuydov iru
wkh iruflqj yduldeohv whqghg wr eh yhu| zlgh/ exw pruh lpsruwdqwo| iru rxu sxusrvh/
zklovw wkh odjjhg ghshqghqw yduldeoh zdv hvwlpdwhg wr eh vrphzkdw odujhu wkdq lwv
ydoxh lq wkh ehqfkpdun +urxjko| 3=:: djdlqvw 3=:5,/ frqvlvwhqw zlwk d grzqzdug
eldv lq wkh ROV/ wkh Dqghuvrq0Kvldr hvwlpdwh lv zlwklq wzr vwdqgdug huuruv ri wkh
ehqfkpdun vxssruwlqj wkh ylhz dgydqfhg deryh wkdw Qlfnhoo eldvhv duh olnho| wr eh
plqru1
91 Frqfoxvlrq
Wkhuh duh pdmru glvdjuhhphqwv dprqjvw hfrqrplvwv derxw wkh lpsdfw ri plql0
pxp zdjhv/ dqg wklv ghedwh kdv vhulrxv srolf| lpsolfdwlrqv1 Lq wklv sdshu zh rewdlq
d vshfl￿fdwlrq frqvlvwhqw zlwk dq xqghuo|lqj wkhru| ri wkh oderxu pdunhw/ dqg vwuhvv
wkh lpsruwdqfh ri doorzlqj iru g|qdplf dgmxvwphqw lq wkh uhsrqvh ri hpsor|phqw
wr plqlpxp zdjh fkdqjhv1 Rxu gdwd hperg| wkh ixoo h{shulhqfh ri djjuhjdwh XV
oderxu pdunhwv ryhu wkh sdvw wzr ghfdghv dqg rxu huuru vshfl￿fdwlrq doorzv d ulfk
vwuxfwxuh iru wkrvh lq xhqfhv wkdw wkh hfrqrphwulfldq fdq qhyhu revhuyh1
Lq rxu suhihuuhg vshfl￿fdwlrq/ d fkdqjh lq plqlpxp zdjhv kdv dq hodvwlflw| ri
￿3=44 iru wrwdo hpsor|phqw dqg ￿3=6: iru |rxwk hpsor|phqw lq wkh vkruw0uxq/
zlwk orqj0uxq hodvwlflwlhv ri ￿3=4< dqg ￿3=9< uhvshfwlyho|1 Wkhvh uhvxowv duh urexvw
wr uhdvrqdeoh shuwxuedwlrqv lq vshfl￿fdwlrq dqg vwdwlvwlfdo phwkrgrorj|1 Srvlwlyh
hodvwlflwlhv dsshdu rqo| lq prghov wkdw duh fohduo| plvvshfl￿hg1 Rxu ￿qglqj ri
vljql￿fdqw qhjdwlyh hodvwlflwlhv iru wrwdo hpsor|phqw/ dqg wkh pdjqlwxgh ri wkh
orqj uxq hodvwlflwhv/ ghprqvwudwh wkdw wkh frvw ri plqlpxp zdjh ohjlvodwlrq/ idu
iurp ehlqj qhjoljleoh dv fodlphg e| lwv dsrorjlvwv/ pd| eh kljkhu vwloo wkdq hyhq wkh
plqlpxp zdjh kdznv kdyh dujxhg1PLQLPXP ZDJHV DQG HPSOR\PHQW 46
Wdeoh 4 Hvwlpdwlrq Uhvxowv iru Djjuhjdwh Hpsor|phqw
Ghshqghqw yduldeoh@hpsor|phqw2srsxodwlrq
Hvwlpdwlrq Phwkrg
+4, +5, +6, +7, +8, +9, +:,
hvwlpdwlrq phwkrg ROV ROV ROV LY LY LY LY0JOV
frqvwdqwv ￿wwhg ￿l ￿l) iw ￿l) iw ￿l) iw ￿l) iw ￿l) iw ￿l) iw
lqvwuxphqwv gdwhg w 0 0 0 ￿4 04 ) 05 ￿5 ￿4
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+l, vwdqgdug huuruv lq sduhqwkhvhv
+ll, yduldeoh ghvfulswlrqv=
plqzdj2dkh lv vwdwh plqlpxp zdjh glylghg e| vwdwh dyhudjh krxuo| hduqlqjv lq
pdqxidfwxulqj
dkh2fsl lv vwdwh dyhudjh krxuo| hduqlqjv lq pdqxidfwxulqj glylghg e| XV qdwlrqdo
FSL1
vkduh zrphq lq ode irufh lv vwdwh ihpdoh oderxu irufh dv sursruwlrq ri vwdwh wrwdo
oderxu irufh/ ￿wwhg e| vwdwh vshfl￿f txdgudwlfv lq wlph
vkduh |rxwk lq srsxodwlrq lv vwdwh |rxwk srsxodwlrq dv sursruwlrq ri wrwdo vwdwh
srsxodwlrq
+lll, yduldeohv ghqrwhg ￿ duh wuhdwhg dv fxuuhqw hqgrjhqrxv dqg lqvwuxphqwhg e|
wkhlu ￿wwhg ydoxhv iurp vwdwh0e|0vwdwh uhjuhvvlrqv1 Iru wkh uhdo zdjh wkhvh uhjuhv0
vlrqv zhuh rq wkh odjjhg ghshqghqw yduldeoh +odjjhg rqfh ru wzlfh dv lqglfdwhg lq wkh
Wdeoh, dqg d frqvwdqw1 Iru wkh uhodwlyh plqlpxp zdjh/ wkh uhjuhvvlrq lqfoxghg dv
zhoo wkh fkdqjh lq wkh qrplqdo plqlpxp zdjh +iurp w￿4 ru w￿5/ dv dssursuldwh,1
+ly, Hvwlpdwhg ryhu 7; Vwdwhv/ 4<::04<<8 dqqxdo gdwd1
+y, LY0JOV xvhv Urehuwvrq dqg V|prqv*v +5333, VXU phwkrg e| ￿wwlqj d wkuhh
idfwru prgho wr wkh fryduldqfh pdwul{ ri txdvl0gl￿huhqfhg uhvlgxdov iurp froxpq +9,1
Wklv +lqyhuwleoh, pdwul{ lv wkhq xvhg lq d VXU surfhgxuh rq wkh txdvl0gl￿huhqfhg
gdwd1
+yl, ￿+4, hwf1 duh hvwlpdwhv ri wkh vhuldo dxwrfruuhodwlrqv lq wkh uhvlgxdov1 Mdutxh0
Ehud lv whvw iru qrupdolw|/ glvwulexwhg dv "5
5=
+yll, Hodvwlflwlhv duh fdofxodwhg dw vdpsoh phdqv147 PDQIUHG NHLO/ GRQDOG UREHUWVRQ/ DQG MDPHV V\PRQV
Wdeoh 5 Hvwlpdwlrq Uhvxowv iru \rxwkv
Ghshqghqw yduldeoh@|rxwk hpsor|phqw2srsxodwlrq ri |rxwk
Hvwlpdwlrq Phwkrg
+4, +5, +6, +7, +8, +9, +:,
hvwlpdwlrq phwkrg ROV ROV ROV LY LY LY LY0JOV
frqvwdqwv ￿wwhg ￿l ￿l) iw ￿l) iw ￿l) iw ￿l) iw ￿l) iw ￿l) iw
lqvwuxphqwv gdwhg w 0 0 0 ￿4 04 ) 05 ￿5 ￿4


































































￿+4, 03=34 03=36 03=37 03=48 03=4: ￿3=48 ￿3=34
￿+5, ￿3=36 ￿3=34 3=34 ￿3=37 ￿3=38 ￿3=37 ￿3=39
￿+6, ￿3=3< ￿3=38 ￿3=38 3=36 3=36 3=35 3=35
Mdutxh0Ehud 46=77 4;=93 4;=94 56=65 56=:9 56=57 5=67
























Qrwhv dv iru Wdeoh 41 Iru wkh LY0JOV d rqh idfwru prgho zdv vshfl￿hg1PLQLPXP ZDJHV DQG HPSOR\PHQW 48
Wdeoh 6 Urexvwqhvv H{shulphqwv
Ghshqghqw yduldeoh@hpsor|phqw2srsxodwlrq
Prgho Vshfl￿fdwlrq Hodvwlflw| ri Plq Zdjh
+4, Ehqfkpdun iurp Wdeoh 4/ Fro 9 ￿3=5;9+3=439,
+5, Ehqfkpdun zlwk ehqh￿wv ) xqlrq ghqvlw| ￿3=5;9+3=437,
+6, Ehqfkpdun zlwkrxw zrphq ) |rxwk ￿3=5;8+3=439,
+7, Ehqfkpdun zlwkrxw odjjhg ghshqghqw yduldeoh ￿3=47:+3=377,
+8, Ehqfkpdun zlwkrxw ogy/ hvwlpdwhg e| ROV .3=348+3=365,
+9, Ehqfkpdun zlwk dkh dqg fsl uhsodfhg e| wuhqgv ￿3=559+3=4:3,
+:, Qr ￿{hg h￿hfwv exw XV0zlgh pdfur yduldeohv ￿3=576+3=3<5,49 PDQIUHG NHLO/ GRQDOG UREHUWVRQ/ DQG MDPHV V\PRQV
Dsshqgl{ 0Gdwd Vrxufhv dqg Frqvwuxfwlrq
Wkh gdwd xvhg lq wklv sdshu zhuh rewdlqhg dv iroorzv
41 Hpsor|phqw dqg srsxodwlrq= Wkh vrxufh iru oderu irufh/ srsxodwlrq/ dqg
hpsor|phqw iru |rxwk/ ihpdohv/ dqg dgxowv lv Jhrjudsklf Sur￿ohv ri wkh Hp0
sor|hg dqg Xqhpsor|hg1 Vrph ri wkh gdwd fdq eh uhwulhyhg iurp wkh X1V1
Ghsduwphqw ri Oderu Zhe vlwh dw kwws=22vwdwv1eov1jry=;32wrs531kwpo +￿prvw
uhtxhvwhg vhulhv￿,1
51 Dyhudjh krxuo| hduqlqjv= Vwdwh pdqxidfwxulqj dyhudjh krxuo| hduqlqjv1 Wkh
gdwd duh dydlodeoh dw wkh X1V1 Ghsduwphqw ri Oderu Zhe vlwh dw kwws=22vwdwv1eov1jry=;32wrs531kwpo
+￿prvw uhtxhvwhg vhulhv￿,1
61 Ehqh￿wv gdwd duh wkh surgxfw ri wkh uhsodfhphqw udwh +dyhudjh zhhno| ehq0
h￿wv lq fryhuhg hpsor|phqw2dyhudjh zhhno| zdjh, dqg XL fryhudjh +dyhu0
djh qxpehu ri zhhno| lqvxuhg xqhpsor|hg shrsoh2dqqxdo dyhudjh qxpehu ri
xqhpsor|hg,1 Doo vhulhv iurp X1V1 Ghsduwphqw ri Oderu/ Exuhdx ri Oderu
Vwdwlvwlfv1 Wkhvh gdwd zhuh nlqgo| surylghg e| Orxlv Sdqwxrvfr1
71 Xqlrq ghqvlw|= Shufhqwdjh ri wkh vwdwh oderu irufh zkr duh xqlrq phpehuv1
Sulru wr 4<;5/ wkh gdwd lv iurp Vwdwlvwlfdo Devwudfw ri wkh Xqlwhg Vwdwhv +X1V1
Ghsduwphqw ri Oderu/ Exuhdx ri Oderu Vwdwlvwlfv,1 Diwhu wkdw/ wkh gdwd zhuh
h{wudfwhg iurp wkh FSV wdshv e| Kluvfk dqg PfSkhuvrq +xqsxeolvkhg gdwd,1
81 Vwdwh plqlpxp zdjhv= Wkh gdwd zhuh nlqgo| surylghg e| Zlooldp Zdvfkhu/
Ihghudo Uhvhuyh ri Sklodghoskld1
91 XV frqvxphu sulfh lqgh{ dqg xqhpsor|phqw= Hfrqrplf Uhsruw ri wkh Suhvl0
ghqw1
:1 Qrplqdo lqwhuhvw udwh= Zh fkrvh wkh vl{ prqwkv frpphufldo sdshu udwh iurp
wkh Hfrqrplf Uhsruw ri wkh Suhvlghqw1PLQLPXP ZDJHV DQG HPSOR\PHQW 4:
Uhihuhqfhv
^4‘ Dqghuvrq/W1Z1 dqg F1Kvldr +4<;4, ￿Hvwlpdwlrq ri G|qdplf Prghov zlwk Huuru Frpsrqhqwv￿
Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/:9/ ss8<;09391
^5‘ Dqghuvrq/W1Z1 dqg F1Kvldr +4<;5, ￿Irupxodwlrq dqg Hvwlpdwlrq ri G|qdplf Prghov Xvlqj
Sdqho Gdwd￿ Mrxuqdo ri Hfrqrphwulfv/4;/ ss7:0;51
^6‘ Duhoodqr/P dqg V1U1Erqg +4<;;, ￿G|qdplf sdqho gdwd hvwlpdwlrq xvlqj GSG0 D jxlgh iru
xvhuv￿ Lqvwlwxwh iru Ilvfdo Vwxglhv Zrunlqj Sdshu ;;248/ Orqgrq1
^7‘ Duhoodqr/P dqg V1U1Erqg +4<<4, ￿Vrph whvwv ri vshfl￿fdwlrq iru sdqho gdwd= prqwh fduor hy0
lghqfh dqg dq dssolfdwlrq wr hpsor|phqw htxdwlrqv￿ Uhylhz ri Hfrqrplf Vwxglhv/8;/ ss5::0
5<:1
^8‘ Ednhu/ P1/ Ehqmdplq/ G1/ dqg V1Vwdqjhu +4<<<, ￿Wkh Kljkv dqg Orzv ri wkh Plqlpxp Zdjh
H￿hfw= D Wlph Vhulhv Furvv0Vhfwlrq Vwxg| ri wkh Fdqdgldq Odz￿ Mrxuqdo ri Oderu Hfrqrplfv/
4<<</ ss64;06831
^9‘ Eurzq/ Fkduohv/ Jlour|/ Fxuwlv dqg Dqguhz Nrkhq +4<;5, ￿Wkh H￿hfw ri wkh Plqlpxp Zdjh
rq Hpsor|phqw dqg Xqhpsor|phqw￿ Mrxuqdo ri Hfrqrplf Olwhudwxuh/ Yro [[/ss7;:08581
^:‘ Fdug/ Gdylg +4<<5d, ￿Gr Plqlpxp Zdjhv Uhgxfh Hpsor|phqwB D Fdvh Vwxg| ri Fdoliruqld/
4<;:04<;<￿ Lqgxvwuldo dqg Oderu Uhodwlrqv Uhylhz/ 4<<5/ ss6;0871
^;‘ Fdug/ Gdylg +4<<5e, ￿Xvlqj Uhjlrqdo Yduldwlrq lq Zdjhv wr Phdvxuh wkh H￿hfw ri wkh Ihghudo
Plqlpxp Zdjh￿ Lqgxvwuldo dqg Oderu Uhodwlrqv Uhylhz/ ss5505:1
^<‘ Fdug/ G1/ Ndw}/ O1 dqg D1 Nuxhjhu +4<<7, ￿Dq Hydoxdwlrq ri Uhfhqw Hylghqfh rq wkh Hpsor|0
phqw H￿hfwv ri Plqlpxp dqg Vxeplqlpxp Zdjhv￿1 Lqgxvwuldo dqg Oderu Uhodwlrqv Uhylhz/
7:/ 7;:0<:1
^43‘ Fdug/ Gdylg dqg Dodq Nuxhjhu +4<<7, ￿Plqlpxp Zdjhv dqg Hpsor|phqw= D Fdvh Vwxg|￿
Dphulfdq Hfrqrplf Uhylhz/ 4<<7/ ss::50<61
^44‘ Fdug/ Gdylg dqg Dodq Nuxhjhu +4<<8, P|wk dqg Phdvxuhphqw= Wkh Qhz Hfrqrplfv ri wkh
Plqlpxp Zdjh1 Sulqfhwrq= Sulqfhwrq Xqlyhuvlw| Suhvv1
^45‘ Fdug/ Gdylg dqg Dodq Nuxhjhu +5333, ￿Plqlpxp Zdjhv dqg Hpsor|phqw= D Fdvh Vwxg| ri
wkh Idvw0Irrg Lqgxvwu| lq Qhz Mhuvh| dqg Shqqv|oydqld= Uhso|￿ Dphulfdq Hfrqrplf Uhylhz
<3/ 46<:07531
^46‘ Frxqflo ri Hfrqrplf Dgylvruv +5333,1 Hfrqrplf Uhsruw ri wkh Suhvlghqw1 Zdvklqjwrq= X1V1
Jryhuqphqw Sulqwlqj R!fh
^47‘ Ghhuh/ Grqdog/ Pxusk|/ Nhylq/ dqg Ilqlv Zhofk +4<<8d, ￿Hpsor|phqw dqg wkh 4<<304<<4
Plqlpxp Zdjh Klnh￿ Dphulfdq Hfrqrplf Uhylhz/ Sdshuv dqg Surfhhglqjv/ Pd| 4<<8/ Yro
;8/ Qr1 5/ ss5650:1
^48‘ Ghhuh/ Grqdog/ Pxusk|/ Nhylq/ dqg Ilqlv Zhofk1 +4<<8e, ￿Vhqvh dqg Qrqvhqvh rq wkh Plql0
pxp Zdjh￿ Uhjxodwlrq/ Wkh Fdwr Uhylhz ri Exvlqhvv dqg Jryhuqphqw/ Yro 4; Qr 41
^49‘ Hkuhqehuj/ U1 +4<<8, ￿P|wk dqg Phdvxuhphqw= Wkh Qhz Hfrqrplfv ri wkh Plqlpxp Zdjh=
Uhylhz V|psrvlxp/ Frpphqwv￿1 Lqgxvwuldo dqg Oderu Uhodwlrqv Uhylhz 7;/ ;5:07<1
^4:‘ Iruwlq/ Slhuuuh/ Nhlo/ Pdqiuhg dqg Mdphv V|prqv +5334, ￿Wkh Vrxufhv ri Xqhpsor|phqw
lq Fdqdgd4<9:04<<4= hylghqfh iurp d sdqho ri uhjlrqv dqg ghprjudsklf jurxsv￿ R{irug
Hfrqrplf Sdshuv 86/ ss9:0<61
^4;‘ Juxee/G dqg M1V|prqv +4<;:, ￿Eldv lq Uhjuhvvlrqv zlwk d Odjjhg Ghshqghqw Yduldeoh￿
Hfrqrphwulf Wkhru| 6/ ss6:406;91
^4<‘ Ndw}/ Odzuhqfh dqg Nuxhjhu/ Dodq +4<<5, ￿Wkh H￿hfw ri wkh Plqlpxp Zdjh rq wkh Idvw
Irrg Lqgxvwu|￿ Lqgxvwuldo dqg Oderu Uhodwlrqv Uhylhz/ 4<<5/ ss90541
^53‘ Nhqqdq/ Mrkq +4<<8, ￿Wkh Hoxvlyh H￿hfwv ri Plqlpxp Zdjhv1￿ Mrxuqdo ri Hfrqrplf Olwhu0
dwxuh/ 4<<8/ ss4<830981
^54‘ Qhxpdun/ Gdylg dqg Zlooldp Zdvfkhu +4<<5, ￿Hpsor|phqw H￿hfwv ri Plqlpxp Zdjhv dqg
Vxeplqlpxp Zdjhv= Sdqho Gdwd rq Vwdwh Plqlpxp Zdjh Odzv￿ Lqgxvwuldo dqg Oderu Uh0
odwlrqv Uhylhz/ Yro1 79/ 4<<5/ 880;41
^55‘ Qhxpdun/ Gdylg dqg Zlooldp Zdvfkhu +4<<7, ￿Hpsor|phqw H￿hfwv ri Plqlpxp dqg Vxe0
plqlpxp Zdjhv= Uhso| wr Fdug/ Ndw}/ dqg Nuxhjhu￿ Lqgxvwuldo dqg Oderu Uhodwlrqv Uhylhz/
7:/ 7<:08451
^56‘ Qhxpdun/ Gdylg dqg Zlooldp Zdvfkhu +4<<8d, ￿Plqlpxp Zdjh H￿hfwv rq Hpsor|phqw dqg
Vfkrro Hquroophqw￿ Mrxuqdo ri Exvlqhvv ) Hfrqrplf Vwdwlvwlfv/ 46/ 4<<05391
^57‘ Qhxpdun/ Gdylg dqg Zlooldp Zdvfkhu +4<<8e, ￿Plqlpxp Zdjh H￿hfwv rq Vfkrro dqg Zrun
Wudqvlwlrqv ri Whhqdjhuv￿ Dphulfdq Hfrqrplf Uhylhz ;8 ss577057<14; PDQIUHG NHLO/ GRQDOG UREHUWVRQ/ DQG MDPHV V\PRQV
^58‘ Qhxpdun/ Gdylg dqg Zlooldp Zdvfkhu +4<<8f, ￿Wkh H￿hfwv ri Plqlpxp Zdjhv rq Whhqdjh
Hpsor|phqw dqg Hquroophqw= Hylghqfh iurp Pdwfkhg FSV Vxuyh|v￿ Zrunlqj Sdshu Qr1
83<5/ QEHU1
^59‘ Qhxpdun/ Gdylg dqg Zlooldp Zdvfkhu +5333, ￿Plqlpxp Zdjhv dqg Hpsor|phqw= D Fdvh
Vwxg| ri wkh Idvw0Irrg Lqgxvwu| lq Qhz Mhuvh| dqg Shqqv|oydqld= Frpphqw￿ Dphulfdq
Hfrqrplf Uhylhz <3/ 46950<91
^5:‘ Qlfnhoo/ V1M1 +4<;4, ￿Eldvhv lq G|qdplf Prghov zlwk Il{hg H￿hfwv￿ Hfrqrphwulfd/7 : + 8 , /s s
457<0991
^5;‘ Urehuwvrq/ G dqg M1V|prqv +5333, ￿Idfwru Uhvlgxdov lq VXU Uhjuhvvlrqv= hvwlpdwlqj sdqhov
doorzlqj iru furvv vhfwlrqdo fruuhodwlrq￿ Fhqwuh iru Hfrqrplf Shuirupdqfh Glvfxvvlrq Sdshu
Qr 7:61
^5<‘ Wd|oru/ O1 dqg W1 Nlp +4<<6, ￿Wkh Hpsor|phqw H￿hfw lq Uhwdlo Wudgh ri Fdoliruqld*v 4<;;
Plqlpxp Zdjh Lqfuhdvh￿ Whfkqrphwulfv/ 6:/ 4:80;51
Foduhprqw PfNhqqd Froohjh/ Fdoliruqld
H0pdlo dgguhvv= pdqiuhgbnhloCpfnhqqd1hgx
Xqlyhuvlw| ri Fdpeulgjh
H0pdlo dgguhvv= grqdog1urehuwvrqChfrq1fdp1df1xn
Xqlyhuvlw| Froohjh Orqgrq
H0pdlo dgguhvv= m1v|prqvCxfo1df1xn